Introduction
============

In most individuals with viral myocarditis (VMC) the course is self-limited. However, there are a small number of patients who develop sequelae such as arrhythmias or acute heart failure that may be severe enough to result in high death rates ([@b1-etm-0-0-3909]). An acute infection leading to VMC can also lead to dilated cardiomyopathy in adults, and coxsackie virus B (CVB) and adenovirus (AdV) are the most common etiological agents. The CVB-AdV receptor (CAR) has key functions in virus-infected myocardial cells ([@b2-etm-0-0-3909]). The virus is able to regulate replication by the host cell to form viral particles; moreover, the host is able to prevent viral damage through signal transduction in activated cells ([@b3-etm-0-0-3909]).

The signaling pathway of mitogen activated protein kinase (MAPK) may play important roles in VMC, p38 MAPK has been associated with many types of viral infections ([@b4-etm-0-0-3909]). p38 MAPK in newborn myocardial cells of mice can be activated by the HIV capsid protein gp120, mediating a negative inotropic action ([@b5-etm-0-0-3909]). It is hypothesized in the present study that the p38 MAPK signaling pathway is capable of increasing CAR expression of VMC, thereby inducing and aggravating the pathophysiological process.

Materials and methods
=====================

### Animal model

Thirty-five 4-week-old BALB/c, SPF class mice weighing approximately 15 g each were provided by the Animal Experiment Center of Fudan University. The mice were fed routinely, and were kept at temperatures of 20--25°C with a relative humidity of 50--55%. Based on random grouping, the mice were separated into 3 groups: 5 in the control group, 15 in the model group and 15 in the intervention group. The model and intervention group mice were injected intraperitoneally with of 0.1 ml Dulbeccos modified Eagles medium (DMEM) with 1×10^2^ TCID~50~ CVB~3~. The intervention group mice received an additional injection of 0.1 ml of the p38 MAPK inhibitor SB203580. The control group mice were injected with 0.1 ml DMEM without any viral load. CVB~3~ (Nancy strain) was provided by a key laboratory of viral heart diseases in Fudan University: Briefly, after a HeLa cell passage, the cells were frozen and then centrifuged 3 times, the liquid supernatant was separated, and viral loads were titrated using HeLa cell testing to obtain 50% tissue infection rate TCID~50~ with 1×10^7^, and the infectious material was kept at −70°C. SB203580 was purchased from Sigma-Aldrich (St. Louis, MO, USA). The study was approved by the Animal Ethics Committee of Fudan University Animal Center.

### Experimental methods

The mice were sacrificed at 1, 5, 10, 15 and 30 days by cervical dislocation. A quantitative PCR method was used to test CAR mRNA expression levels in cardiac muscle. Western blot analysis was used to detect CAR and p38 MAPK protein levels at the same tissue. Hematoxylin and eosin (H&E) staining allowed for observation of the myocardial pathological changes and the Kishimoto method was used to calculate integral inflammation.

### Observation index and testing method

#### Main reagents and equipment

The following is a list of the main reagents and specialized equipment used in the study: TRIzol reagent and SuperScript II RT-PCR kit (both from Invitrogen Life Technologies, Carlsbad, CA, USA), PCR marker (Shanghai Dingguo Biological Technology Co., Ltd., Shanghai, China), rabbit anti-mouse CAR, p38 MAPK monoclonal antibody and goat anti-rabbit secondary antibody marked by HRP (all from Cell Signaling Technology, Inc., Danvers, MA, USA), PVDF film (Bio-Rad Laboratories, Hercules, CA, USA), BCA protein quantification kit and enhanced chemiluminescence kit (both from Pierce Biotechnology, Inc., Rockford, IL, USA). Centrifugal machine (Heraeus, Hanau, Germany), RNA concentration determinator and PCR thermocycler (both from Eppendorf, Hamburg, Germany), PIP-2020 image analyzer (Chongqing Tianhai Medical Equipment Co., Ltd., Chongqing, China), protein electrophoresis transfer system and gel quantitative software Quantity One (both from Bio-Rad Laboratories) and Image-pro plus 5.0 color image analysis system (Media Cybernetics, Inc., Rockville, MD, USA).

#### Main steps of real-time quantitative PCR method

Cardiac muscle tissue (100 mg) from the free wall of the left ventricle were excised and total RNA was extracted based on conventional TRIzol reagent method. To verify the RNA purity and concentration the A260/A280 ratio was calculated based on ultraviolet spectrophotometry. cDNA synthesis and design of primers were done by following the instructions on the kit: CAR (F): 5-GCATCACTACACCCGAACA-3, (R): 5-ACA AGAACGGTCAGCAGGA-3; internal control GAPDH (F): 5-CTGCACCACCAACTGCTT-3, (R): 5-GTCTGGGATGG AATTGTGA-3. The reaction system included: 2.5 µl 10X buffer + 0.75 µl 50 mmol MgCl~2~ + 0.5 µl 10 mM NTP + 0.5 µl each of upstream and downstream primers + 0.2 µl Taq enzyme + 2 µl cDNA + water to 25 µl. The reaction conditions included a pre-denaturation step for 3 min at 95°C, and then 35 cycles of a pre-denaturation for 30 sec at 95°C, then an annealing step for 30 sec at 55°C, and then an extension step for 30 sec at 72°C, plus a final extension for 5 min at 72°C and then 4°C to preserve the product. After 2% ethidium bromide sepharose gel electrophoresis, imaging and scanning and then calculation, the results are shown as a ratio of target gene and internal control gene, using the 2^−∆∆Ct^ method.

#### Main steps of western blot analysis

After conventional gel pouring, electrophoresis and membrane transfer, the membranes were locked in TBST. Then rabbit anti-mouse CAR and p38 MAPK (1:1,000) and internal control β-actin (1:1,000) diluted in 5% BSA were used to incubate the membranes at 4°C overnight. Next day the membranes were washed in TBST and then incubated with goat anti-rabbit secondary antibody (1:2,000) marked by HRP, at room temperature for 1 h. After washing the membranes again in TBST, ECL luminescence was developed. Results show the optical density of target and internal control proteins.

#### Myocardial pathology observation

The basic preparation for microscopy involved the following steps: cardiac muscle tissue was sliced, a dimethyl benzene dewaxing procedure followed by hydration gradient alcohol immersion. Staining was done using H&E, followed by dehydration-gradient alcohol immersion, xylene transparency and finally neutral balsam sealing. Myocardial pathology changes were observed under a light microscope. The Kishimoto method was used to calculate inflammatory infiltration and the necrosis score in cardiac muscle. Five high-power fields were observed in each slice to calculate the percentage of inflammatory infiltration and the necrosis area compared to the total area, a scoring system was established: 0 point for no lesion, 1 point for \<25%, 2 points for 25--50%, 3 points for 50--75% and 4 points for \>75%.

#### Statistical analysis

SPSS 19.0 software was used for statistical analysis; quantitative data are shown as mean ± standard deviation; comparison between groups were analyzed by single factor ANOVA; quantitative data are presented as case number or percentage (%); comparison between groups was done through χ^2^ test; P\<0.05 refers to differences with statistical significance.

Results
=======

### Comparison of CAR mRNA expression levels

CAR mRNA expression levels in the model group were the highest at all time-points. The intervention group had the next highest levels and the control group the lowest; the differences were of statistical significance (P\<0.05). CAR mRNA began to increase after 1 day in the model group, reached its peak at 10 days and then began to go down at 15 days, and continued to be higher than the level in the control group at day 30 ([Figs. 1](#f1-etm-0-0-3909){ref-type="fig"} and [2](#f2-etm-0-0-3909){ref-type="fig"}).

### Expression of CAR and p38 MAPK protein

CAR protein expression levels in the model group were the highest at all time-points. The intervention group had the next highest levels and the control group the lowest; the differences were of statistical significance (P\<0.05). CAR protein began to increase at day 1 in the model group, reached its peak at day 15 and then began to go down at day 30. Expression levels of p38 MAPK protein were obviously higher in the model group, than the levels in other two groups at days 1, 5 and 10, but the differences were of no statistical significance when comparing the three groups at days 15 and 30 (P\>0.05). The p38 MAPK protein in the model group began to increase at day 1 and reached its peak at day 5 and then declined at day 10 ([Figs. 3](#f3-etm-0-0-3909){ref-type="fig"} and [4](#f4-etm-0-0-3909){ref-type="fig"}).

### Myocardial pathology observation

In the model group, myocardial cells began to swell on day 1: transverse striation became blurred and there were no inflammatory cells in the stroma. At day 5, acidophilia was obvious in the stained cytoplasm and there were karyopyknosis and karyorrhexis in the nucleus, also a small amount of inflammatory cells had accumulated. At 10 days, he cytoplasm stained homogenously with clearer acidophilia. At day 15, anaplastic cells were further necrotic and disintegrated and even merged, the nuclei and cell structures disappeared and a large amount of inflammatory cells accumulated with collagenous fibers in the stroma. Finally at day 30, there were less inflammatory cells accumulated in the cardiac muscle, hyperplasia of fibrocyte began, and clear myocardial fibrosis ensued. Inflammatory infiltration began to increase on day 1 and reached its peak at 15 days, to then began to decline at day 30. The differences found were all statistically significant (P\<0.05) ([Figs. 5](#f5-etm-0-0-3909){ref-type="fig"} and [6](#f6-etm-0-0-3909){ref-type="fig"}).

Discussion
==========

There are four main mechanisms for myocardial damage caused by viruses: i) direct damage of viral protein kinase on the skelemin of the myocardial cell, inhibiting protein synthesis of the host cell ([@b6-etm-0-0-3909]); ii) persistent virus infection causing chronic myocarditis or its development towards dilated cardiomyopathy ([@b7-etm-0-0-3909]); iii) cell-mediated and autoimmune mechanism disorders ([@b8-etm-0-0-3909]); and iv) heart function and structural changes caused by cytokines, effects of nitric oxide, neutralizing antibodies and microvascular injury ([@b9-etm-0-0-3909]). As the co-receptor of CVB and AdV, CAR, plays a role of 'middle bridge' in the pathogenesis of VMC. Previous findings showed that cells expressing CAR can become infected with either CVB3 or AdV5 by transfecting cDNA expressing human CAR into otherwise CAR-negative, NIH 3T3 cells and then measuring infection titers ([@b10-etm-0-0-3909]). Additionally, using a monoclonal antibody (Rmcb) to block the CAR protein before exposure to the virus, resulted in obviously lower titers than in a control group ([@b11-etm-0-0-3909]). Another group showed that newborn mouse myocardial cells cultured *in vitro* and pre-treated with CAR antibody prevent CVB3 infection ([@b12-etm-0-0-3909]). These studies show CAR mediation is necessary in order for CVB and AdV to be activated inside the cells.

Human CAR is a transmembrane glycoprotein with a molecular weight of 46 kDa, which belongs to the immunoglobulin superfamily and has high homology to the primary structure of the mouse CAR protein. CAR expression is species and tissue specific. Human CAR is highly expressed in heart, pancreas, brain and small intestine. It has been indicated in studies that CAR expression is related to age, its expression levels in heart during the embryonic and neonatal periods in mice is high, and then decline with age and become undetectable in adults ([@b13-etm-0-0-3909]). This may be the reason why CVB infects newborns and children more easily with acute severe VMC. Furthermore, studies have shown that the cardiac muscle CAR expression level increases significantly in active stage of autoimmune myocarditis in mice and DCM patients, which points to the higher CAR expression being related to the incidence of myocarditis and cardiomyopathy ([@b14-etm-0-0-3909]).

The p38 MAPK signaling pathway plays an important role in the inflammatory response and its regulation. In mice suffering from burns with cardiac muscle contractile dysfunction, p38 MAPK is highly activated in cardiac muscle. A p38 MAPK inhibitor is able to alleviate the contractile dysfunction and reduce inflammatory cytokines secreted by myocardial cells such as tumor necrosis factor-α (TNF)-α ([@b15-etm-0-0-3909]). Another study showed that after injecting perfusion-isolated rat hearts with lipopolysaccharide, the left ventricular systolic function decreased and expression of inflammatory cytokinesis such as TNF-α, interleukin (IL)-1α increased ([@b15-etm-0-0-3909]). Subsequently, administration of the p38 MAPK inhibitor SB203580 prior to lipopolysaccharide injection, was able to improve left ventricular function and reduce TNF-α mRNA level in cardiac muscle ([@b16-etm-0-0-3909]). A recent study has shown an association between higher apoptosis rates and a decrease in contractile function in VMC ([@b17-etm-0-0-3909]) and the relationship between p38 MAPK activation cell apoptosis induction is known ([@b17-etm-0-0-3909]). Finally, SB203580 inhibits p38 MAPK by reducing downstream activation of MAPKAP kinase-2 and kinase-3, which effectively reduces the signal transduction pathway induced by inflammatory factors such as IL-1β and TNF-α ([@b18-etm-0-0-3909]).

Throughout this study CAR mRNA and protein expression levels were the highest in the model group at all time-points. In the model group, the expression levels of p38 MAPK protein at 1, 5 and 10 days were also obviously higher than those in the other two groups. In addition, in the model group, inflammatory infiltration at all time-points was higher than in the other two groups. Since SB203580 inhibits p38 MAPK pathways and our study showed decreased CAR levels in the intervention group, it is possible that p38 MAPK signaling pathway mediates the CAR expression of VMC and is involved in its pathophysiological process.
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